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Abstract 
The present study was aimed at evaluating the antimicrobial and cytotoxic activities of various extracts of Euphorbia hirta. 
The ethanolic extract exhibited the strongest antimicrobial activity against Salmonella typhi with MIC value of 
0.031mg/ml. In contrast, hexane extract appeared to be the least active extract as its inhibition potency was been observed 
only on Proteus vulgaris. Dichloromethane and ethyl acetate extracts demonstrated moderate activities with MIC values 
in the range between 1- 0.5mg/ml. Interestingly, all the extracts exhibited no cytotoxic effect against Vero cell line.  The 
results showed E.hirta extracts possess promising antimicrobial properties. 
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1. Introduction 
Recently medicinal plants have evolved to become one of the most important preventative as well as 
therapeutic aid for various ailments. Antimicrobials of plant origin have enormous therapeutic potential as 
they are effective in the treatment of infectious diseases while simultaneously mitigating many of the side 
effects that are often associated with synthetic antimicrobials [1]. In Malaysia, more than one hundred plant 
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species are reported to have medicinal properties and amongst is Euphorbia hirta with traditional claims for 
curing pathogen infection. E.hirta (L). belongs to the family Euphorbiaceae.  It ia alternatively known by its 
Malay names as “ara tanah” and “gelang susu”. E.hirta is also commonly known by many vernacular names 
such as cats’ hair, asthma weed, pill bearing spurge and fei yang cao.  The plant has been used widely in 
traditional Malay medicine as a treatment for skin problems, gastrointestinal disorders, particularly intestinal 
parasitotosis, amoebic dysentery, diarrhoea, and ulcer. The latex of the plant is often used for warts and cuts 
to prevent pathogen infection. An aques decoction is used for the treatment of acute enteritis and dysentery. 
The plant is also used in bronchial and respiratory disorders including asthma, bronchitis, and hay fever.  
E.hirta is well documented for its biological activities such as antioxidant [2], antibacterial [3], antifungal [4], 
and anticancer [2]. As far as our literature survey could ascertain, the antimicrobial and cytotoxic activity of 
E.hirta aerial part extracts have neither been reported nor studied extensively although Malaysian people have 
been consuming it herbal medicine for a long time. The present research was aimed at investigating the 
traditional claims of the antimicrobial potentials of E.hirta. To further validate the safe consumption of these 
ethnomedicinal plant extracts, a toxicity evaluation in cell culture was carried out against Vero cells. 
2. Materials and methods 
2.1. Plant collection and authentication  
The fresh plant of E.hirta was obtained from several areas of Penang City, Malaysia. The plant was 
authenticated by Mr. Shanmugam, the botanist of the School of Biological Sciences, Universiti Sains 
Malaysia, where a voucher specimen (11254) was deposited in the Herbarium Unit of the school.  
2.2. Extraction of plant material  
The aerial part were air-dried and grounded into fine powder and macerated individually by ratio of 10g of 
ground plant material in 100 ml of organic solvent. The powdered aerial part was extracted with different 
solvent systems in order of increasing polarity. The solvents used were hexane (Hex), dichloromethane 
(DCM), ethyl acetate (EtOAc), and ethanol (EtOH). Extraction was done for 6 days under occasional shaking 
and the process was repeated three times. The combined extracts obtained were filtered and concentrated to 
dryness with a rotary evaporator (Rotavapor® R-200, Buchi, Switzerland) under reduced pressure. The 
extracts obtained were eventually freeze-dried (FreeZone®, MO) to remove any residual water. The extractive 
procedures were performed in dim lighting and all the dried extracts stored at 4 oC until use. 
2.3. Antimicrobial Assay 
2.3.1. Bacterial Strains, culture medium and inocula preparation 
Ten species of test microorganism which selected to study were originally clinical isolates obtained from 
Department of Medical Microbiology and Parasitology (JTMP), School of Medical Sciences, Universiti Sains 
Malaysia. Gram-negative species which involved in this study were Enterobacter aerogens, Escherichia coli, 
Klebsiella pneumonia, Proteus mirabilis, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi, 
Shigella dysenteriae and Gram-positive species were Staphylococcus aureus and Bacillus subtilis. All the 
bacterial strains were sub-cultured on a fresh appropriate agar plate 24 h prior to antimicrobial test.  Inocula 
were prepared by transferring several single colonies of microbes to a sterile broth and the suspension was 
mixed to homogeneity to give a final density of 5 x 105 CFU/ml.  
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2.3.2. Preparation of crude extracts and antibiotics  
The plant extracts were dissolved in 50 % dimethylsulfoxide (DMSO) in sterile Mueller Hinton broth 
(MHB; Difco,USA)  in order to obtain working concentration of 2 mg/ml. The final concentration of DMSO 
in the well was ensured to be less than 2 %. The MICs of gentamycin, amoxycillin, vancomycin, and 
chloramphenicol were also determined in parallel experiments in order to control the sensitivity of the test 
microorganisms. The antibiotics were prepared to a final concentration of 0.1 mg/ml.  
2.3.3. MIC and MBC determinations  
The minimum inhibitory concentration (MIC) of test microorganisms and reference antibiotics were 
determined by using tetrazolium microplate assay which were slightly modified from serial broth 
microdilution method as previously described by Eloff, [5].  This assay was performed using flat bottom 96-
well clear microtitre plates. The wells in column A of each row were left blank and the last seven wells from 
column B to H were filled with 100 ȝl of sterilized MHB. Working solution of plant extracts were added to 
the wells in column A and B of each row and an identical two-fold serial dilution were made from column B 
to the column G. The last wells in column H was served as drug-free controls. An appropriate solvent blanks 
(DMSO) were included as negative control. Finally, 100 ȝl of bacterial inoculum were added in all the wells 
from column A to H and mixed thoroughly to give final concentrations ranging from 1 mg/ml –15.625 ȝg/ml. 
Tests were done in triplicates. The cultured microplates were incubated at 37 °C for 24 h. The MIC of 
samples was detected following addition (50 ȝl) of 0.2 mg/ml p-iodonitrotetrazolium chloride (INT, Sigma-
Aldrich, USA) in all the wells and incubated for further 30 min at 37 °C. Bacterial growth was determined by 
observing the color change of INT in the microplate wells (pinkish-red formazan when there is growth and 
clear solution when there is no growth). MIC was defined as the lowest sample concentration showing no 
color change (clear) and exhibited complete inhibition of bacterial growth. Microorganism with MIC values 
higher than 1 mg/ml were regarded as not active against the tested plant extracts. 
For the determination of minimum bactericidal concentration (MBC), a portion of liquid from each well 
that showed no change in color will be placed on MHA and incubated at 37 oC for 24 h. The lowest 
concentration that yielded no growth after this sub-culturing will be taken as the MBC. 
2.4. Cytotoxicity screening 
The plant extracts were tested for in vitro cytotoxicity, using Vero cells by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay with slight modifications [6]. Briefly, after being harvested 
from culture flasks, the cells were seeded at 1 x 106 cells in each well of 96-well plate containing 100 μl of 
fresh growth medium per well and cells were permitted to adhere for 24 h. The cells were treated with the 
extracts which were serially diluted with growth medium to obtain various concentration (200, 100, 50, 25, 
12.5, 6.25 μg/ml). 100 μl of each concentration was added to each well. After 24 h of treatment the medium 
was aspirated and the cells were washed once with sterile phosphate buffered saline (PBS). 5 mg/ml of MTT 
in PBS was added to each well and the plate was incubated at 37 oC in 5 % CO2 for 2-4 h, until a purple 
precipitate was clearly visible under a microscope. The medium was discarded and 200 μl of 
dimethylsulfoxide (DMSO) was added to each well to dissolve the dark blue crystals of formazan salt and the 
plates shaken for 5 min. After incubation at 37 oC for 10 min, the absorbance was measured at 540 nm using a 
Bio-TEK Microplate Scanning Spectrophotometer. The result was expressed as a percentage relative to 
solvent treated control incubations, and the IC50 values were calculated using non-linear regression analysis 
(percent survival vs. concentration).  
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2.5. Statistical analyses 
The results were analyzed using Microsoft Excel 2010. All the values are expressed as means ± standard 
deviation (n = 3). 
3. Results and discussion 
In the present study, E.hirta extracts were assayed for its in vitro antibacterial activity by employing 
tetrazolium microplate method. MIC values of all the extracts tested against 10 clinical isolates were 
summarized in Table 1. The ethanolic extract of E. hirta aerial part showed the strongest antimicrobial 
activity compared to all other extracts. The inhibitory activity varied significantly against all thirteen clinical 
isolates with MIC value ranged between 0.031-1mg/ml. In addition to that, the MIC value exhibited by this 
extract against Salmonella typhi was lower compared to standard antibiotic, Amoxycillin and 
Chloramphenicol used in this study. In contrast, the plant aerial part which was extracted in nonpolar solvents 
system exhibited weak inhibitory effect toward test microorganisms. Hexane extract appeared to be the least 
active extract compared to all other extracts as its inhibition potency was been observed only on Proteus 
vulgaris (MIC,1 mg/ml). Dichloromethane and ethyl acetate extracts however displayed mild activity with 
selective antimicrobial action against the clinical isolates with MIC values varied from 1-0.5mg/ml. The broad 
spectrum antimicrobial actiondisplayed by some of these extracts could be attributed to the presence of 
pronounced antimicrobial phytoconstituents such as terpenoids, tannins, flavonoids and alkaloids. As was 
previously noted by Navarro, et al. [7], the substantial antimicrobial effects of plant extracts were due to the 
presence of secondary metabolites. Flavonoids are known to be synthesized by plants in response to microbial 
infection. Previous phytochemical investigation on E. hirta has led to the isolation of various secondary 
metabolites such as flavonoids [8], tannins [9], triterpenes [10], phenolic acids, and amino acids [11]. 
Antimicrobial compounds such as flavonoids and terpenoids are polar constituents and they can’t be extracted 
using non-polar solvent system. Dichloromethane and ethyl acetate are polar solvents but their polarities are 
less if compared to ethanol. As a consequence, few polar compounds with antimicrobial activity would be 
present in that particular extracts and thus produce very mild antimicrobial activity. The MIC values reported 
in this work were substantially very low compared to previous studies carried on this plant. On the other hand, 
the MBC values of the studied extracts against all the clinical isolates were two times higher than the MIC 
values respectively (data not tabulated). According to Prescott, Harley, & Klein [12], a cidal drug kills 
pathogens at levels only two or four times the MIC whereas a static drug kills pathogens at much higher 
concentrations. 
As shown in Fig. 1, E.hirta extracts were not toxic to Vero cells with IC50 values of 126.0 μg/ml (EtOH), 
140.8 μg/ml (Hex), 128.3 μg/ml (DCM) and 119.4 μg/ml (EtOAc), respectively. Based on US NCI plant 
screening program, a crude extract is generally considered to have in vitro cytotoxic activity if the IC50 value 
(concentration that causes a 50 % cell kill) is less than 20 μg/ml [13]. This finding therefore supports the 
common belief that ethnopharmacological selection of plant species is always safe and harmless to consume 
thus remais as valuable criterion in drug discovery.     
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Fig. 1. In vitro cytotoxic activity of E.hirta  extracts against Vero cells. 
4. Conclusion 
In summary, results presented in this study confirmed that extracts of E.hirta hold potential antimicrobial 
effects against wide array of pathogenic microorganisms and therefore can be used as a safe, reliable and 
economical natural antimicrobial source for therapeutic reasons. This finding may also be useful in food 
industry as the plant extracts can be used as food preservatives protected against food borne pathogens. 
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Table 1. Minimum Inhibitory Concentrations of E.hirta extracts and reference antibiotics. Microorganisms 
Extracts          RA        
  EtOH Hex  DCM  EtOAc  Amox  Gent Chl Van 
Enterobacter aerogens 1 NA 1 NA NT 0.062 0.015 NT 
Escherichia coli 0.5 NA 0.5 1 NT 0.015 0.015 NT 
Klebsiella pneumonia 1 NA 1 1 NT 0.015 0.015 NT 
Proteus mirabilis 0.5 NA 0.5 1 NT 0.015 0.031 NT 
Proteus vulgaris 0.25 1 0.5 0.5 NT 0.5 0.5 NT 
Pseudomonas aeruginosa 0.125 NA 1 1 NT 0.015 NT NT 
Salmonella typhi 0.031 NA 0.5 0.5 0.062 0.015 0.062 NT 
Shigella dysenteriae  0.5 NA 0.5 NA NT 0.015 0.125 NT 
Staphylococcus aureus  0.5 NA 1 1 1 NT NT 0.015 
Bacillus subtilis 0.25 NA 0.5 0.5 1 NT NT 0.015 
a  RA, Standard antibiotic; Amox, amoxycillin; Gent, gentamicin; Chl, chloramphenicol; Van, vancomycin. 
b Values expressed are mean ± standard deviation of three experiments; values given as mg/ml. 
c NA, not active. 
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d NT, not tested. 
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